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C74)RSIA 





(57) [Kft] 

/a*. > i o 4 <Dmmzfti-z>, 




1 

Xf'Pft < 1 1 1 m<D* + U TttAJf ir L-fc*T*E 

MCIL /MLB. > 1 0 

^ , , 10 

/iciL > 1 0 cm 2 /V -sec 

[^oaMifcifc^] 

[0 0 0 1 1 

m^tcmitm* (En?) km-*-*. 

[0 0 0 21 

a^, K^x^mn^ ft^f^ Lxm 

OEL*^Sr«SLtV^ (J. J. Appl. Phy 
s. , 25, L773, 1 9 8 6) „ L^L, :©|f- 
"Ctt, WaaiO^JP^ 1 u mjy±T-fet) , SUBWEfc 1 

W. Tang bfi, Mg • Ag/A 1 q 3 /-^T 5 >-/ 

(Appl. Phys. Lett. , 5 1, 913, 1 
9 8 7) . £©*frfcj:iltf, #$Jg|cD|gtff£- 1 0 0 n 

u n%±+ft?£mm$:?f;-tm?Ambiix\,^ 0 zti 

^ELW «*&\te<Ofe*£]E?LaAH:©fe* 

it»<-t-^r «-f-aA«©&jR«tt{ctfc*Ba*o/j'' 

«ra«1-5Ci:. *^*±R*#«i:L-C^S 0 Sic, 
*.ffl*¥©*j*4SrSH:, m^ftA®/|g7tS/iE7LaA 
«£^5W*3S«it<DEL*?-&«36L.-0*5. 

feiff^il^c i (c J: o T &*i-0>-5 

(J. J. Appl. Phys., 27, L 2 6 9, 1 
9 8 8) „ 

[0003] toictittt, &m<n&®m<Dta.fr<£- 

#J t IE?L£A3iJ i r £ \z «t o T fe -5*I£©38 

[0 0 0 4] »o*»©W£*£-m. fflV*5*T« 50 



® ^¥6-3 68 7 7 

2 

bK%#i&?h<nmm\z&tfz>*Jr y r&w\mt 1 o" ~ 

1 0" 4 cm 2 /V • s e c eDttHK&S d fc#fR#S*i 

y T&»&<Dm\>w&xftwm&&m^zz. 

[0 0 0 5] 
[0 0 0 6] 

y TaAgfcjstts^yT^gjs^ct tas, 

/i cm. / n in. > 1 0 ' 

[0 0 0 7] «W©*«EL3mc:|8V*-cr4, *-^y 
7*£A»fc*itt5*-ir y T»»ft/ica ^10" c m 2 

»*+y7»«|||i, -»|:TOFtt (Time of 

F 1 i g h t) fe{C«toTaiJ^T*#.5 0 
[0 0 0 8] *|g^(C*5V^T, %3KJf (LED tfi, 
«S*»fei![*Xf4*+ y TSEAJUHl- L-T&A3;h,fc* 

yraA® (c i d lim^ttA^ (e i d tiEum 
Am (hid kizftmztiz, m*&Amti±, mi 
conn k&%mt<Dmcm-) bti. motftj^tf 

z)iaA$tL, $e>l-ai 1 ^^>t®^aA$-t!:'5^§rE 

[0 0 0 9] *»W©*r*EL*^-l4, ffi^aAffl^m 
l<B«ft£E?LttAffl<0*2©«tti(DHI]|c, *^XI4 

TZo **WlC«5W«EL*^-<0-«W*«ii*iai 
Bl©t«EL*fli, ±*»e>jt.-C, «^ffiA 
Si^ttA^ (E I L) 2, 
(LED 3, jE?taAS (HID 4. jEJL&ARKD 

[0 0 10] fc*5*»W-Cfi, SSJtJiirfl^ttASiO 
2®«ig, Xtt5§7t^tiE?L}±A®t<7)2^*igt#^ 



3 

t 0>IHl0>IE?LttAWa, *5,tt5»2ro««i:|8*JiiO 

M JBfcfc s *trv * a flhs-Kfc »t 5 ^ *l e> 

©til W wjEft&AKSCfc/h $ < ISff $ ftT v * -5 c t 

3. 0~3. 5 e VS«{CJ|£*S5 0 <£ 5 fcttffl©/< 
> K¥+ v^ZG+ZGmmtM LT*f-ttA*sJ:tflE 

[0 0 11] Hio^«EL*^ottf^S:|g2~|g4Sr 

#R8LTlgtl»§«J{CiJi^i-a o l2|;@lfflt«EL$f 
oft^ttHBSr^-f. 0 3 fcfci 

^2 

«£ftm^*;w^p^®ffiji;a^/&$;ft;5 tit) 
«rf««*iwii!ca»«it^#4Lv\ %%mx 

T L£L > > X CIL 

d La / *L > > d CIL / // CIL 

10 0 1 2] £S#fiS-ti;5 0 r lcl £A#<-f5fc#>(C 

U tiEL$f©§^ d£*#<-f 5 

^T'li^^ 0 -jftfc, dlilO^ cmS«|:RS$n 
So fiia <(icu /lo' ir-f^^crlc 

±9, TLa >io' * t cil £ ft "9 ffja,£8&*<0[6j± 

[0 0 1 31 SfcK, no, *&m-Z\ 0" 2 cm 2 /V 



(3) ffl¥6-3 6 8 7 7 

4 

*l5*ff»*Ett-«JC 1 0 6 V/cmtftS/i^^ w 

<0#&±5S:.fc0 rca lii o" s e ciltiatf,^ 

5, *fc#»9l<0W«E LSFfCtttW r.LEL. > 1 0* 
•ten T*fc-5fc#), t i£L lilO" 6 s'ecMt/j; 

^(ClO^ s e cCD^-- y-T'fea„ Lfc^oT, 

1 0"* s e c£k±.XhtUi, VT 5©|C 

10 0 14] Sfc, **W©*r«EL3HPTtt, **is 

y T&m&<D&mzttwirz<Dx\ t t 

14, **y7&AJgi&3fe®£<D*+y7&ft£©;M> 

^ift^auts ^ t \mmxhztz*). *%w<d# 

[0015] #$g^?>W#SE L^^Hmr-5fc«){C 

[ooi6] (a) tiif©^t y T®mmt, 

30 £(ai(£^cri^ttM£*iJfflLT, *-o#*fls-g-«* 

&.Am&i£&mm<DmmtLtzm?mmc cb) ^-yy 

[0017] (A) ©*^«itSr*^*#*E L^(C 

irtstHELiiftt, iia©t«ft^fttffli\ ^ 
40 m&i*zm®Lx. m^mm^-r^mm. t^jv? 

T o F jfeic ± o -c$'J5t $ iifc#*«Bt©# -r y T^ffil^ 
Ht ; r*^7r^*ifi©*"«ffl|-Cttl 0"'° -io'' c 
m / V • sec, ISAIftifiOWtttjK-Ctt lo"~10 
cm' /V- s e c<Dim<OfcbteZ>, LtctfoX. 

[0018] (B) ©*^*itS:Wi-5W*EL*^|C 
50 ov^±9»i»»cKWr5. COlrtlELXm fei: 



5 

t<Dfflizm 1 wmisftijTj^^ 1 ~inotiiww 

Wh i Sew^SKco^Tm^^KS^y' , , iETL 

1 //i*. >10 4 ( i = 1 ~ m - 1) , jEH<D&W} 
ItSLt/i/n*. >10' (i=n~m+l) 

t^ote&zmtzLx^z. 10 

[0 0 19] H5ti©W*EL*^-©g5^IR** 

0 2 ©JRfcttASfu JbtlmrafilSO. iC£A$ 
*»?>]E?L^Sf5nO^rttlB|0. s in-lOfilOH 

omtcttA^ti, se>t*m©*«Ko. »caA$n 20 

»3teaq»e>ii5. i-/«efc*>, fm©«o. 

[0020] M^fcJ:5fc*»W©#«EL*?--e 
11, *+!>TSEAli»*Jli«>*-Y'yTiWb«o*/h 30 

BI»K 1 o t iETLi <a|5]l$&A£^j£(c LT^5 

[0 0 2 1]£P>(^ (b) ©*^«it*Wi-«W*E 
[0 0 2 2] (C) W«igS:Wr5W«EL3R^oV^ 

rit)»jHiittw-f-«. :o*lEL*fTtt, @5i; 

Ea. , Ep2 £U WflMHHff, es»fltojf?gip 
ffi*»P)0=*^-HSrE« , Ec, x E™ , E 

E„i < 

Ec*i > Ed 50 



4#M¥6 - 3 6 8 7 7 

6 

EVil < E Vk2 

Eci - Ec-2 ^ 0. 4 e V 
E*a — Ev.i ^ 0. 4 e V 

xbzz.t-tiWt.i'^o 

[0 0 2 3] 0 7{J:i©W*EL*^©»3tJi<Og^*t 
Z.t\z£^x, fflfim^^feJcO^^fl, 

tE<Dtztb. m+itmmnm.iiiix'hzm&cotssmx&titt 

£#kLXtt.n*<D£. 
Km.tCjETL^aA^ttSi:, PS-r-SWSIKin, 

Igffilm* fc&AS*!,*. fiJIm; t^itA £ tlfcIETLll 

c » j; 5 f-iiiBcWt-^^ titzmmxik* izwm^m 

"C> ^IKm, T-lim^tjE?Lt©^S^g*Ja^o 
[0 0 2 4] Z<DfimELm*<D%ft,l§Xi*. {gV^fS 

< ft 9 , ffiw*?«f«*s«ris$n-c* + y r^a 

[0 0 2 5] 

(Hiteesj i ) 

i o o 2 6 ] ei i iz&mmmz&vzGmE l*^*^ 

•to ^(O^T-li, Sm • Au^b45Il©tll 
±5 itP I TOR*»fe/«C-SIB2©«ffi5WW{C, TfE{t^ 
* (1) Tv^$tl5#Sl^^^ffl^T, i^AffiitSr^r 

•rsm^aA® (e i D 2, r^7r^«it^wi- 

(LED 3, *JJ:tfl**lira*r#1-ajE?La 
AJi (HIL) 4<D3o©««*sjBisK$ti-CV^5. 
[0 0 2 7] 



(5) 



#HJ¥6-3 6 8 7 7 



[ftl] 



CHs-N 




10 0 2 8] - J; 5 L-CfftR$ft 

8fclCfc0 I TOJR&2 0 0nmOl§|«f5 o 10 
t\ CI CD I TOBt©Jgj*$*lfc£K&MB E^Hftfc-tr 
f I^U 10'" t o r r<Dg^K^lcX^§|g: L, 
( 1 ) &,<Dmmfc&V!)& 0 . 0 1 n m/ s e c <£>/&Hljg 

St'^iti. &Ka$4 or-ei^n^s o 

/l'77^2 0nmCOJ|$l:^iL > 

*aSt#ffilC <t 9 S m • A u lOOnmO 

[0 0 2 9] ^At>, ^ (1) 0*aMk^fcfco^-C»* 20 
Ki7^7 7 ^t^m TOFfttiO^y 

HT-ii^JlO"* cm 2 /V-.sec, 7^7 7Xlf 
ttttl 0"'° cm' /V • s e cT*fcofc 0 
1 5 V<Dn&.*ftM-tZ>t, 10 0m A/cm 2 (Dttsft 
ri^ix, &ft 5 0 0 n m0f|feC«)t))i 1 0 0 0 c d 
/cm 2 ©Slfittlfc. 



CH 




< [0030] ^\<Dmumxim2<Dm 

mtlitt ( 1 ) ©tfttHfc^iftSrfll^fcfltW 150nm© 

fWLft. lttt«a>^r«EL#^Ttt, H*WlO*iF 
t &»<5 fcfefciiift 3 &<D8jftm&&& 

(Hi£0ij2) 

[0 0 3 1] H 9 (C^^J£0iJ©WaE L *^-**i- 0 ' 
±3i»6llTAl*»e>/j:5*10«iMi 1 % 
®^&AJf2£ LTTf£ft^5£ (2) O^mititmfrh 
*«*l©*T*glO. » *3tJi3i:LTTE^S: 

(3) roW«Mb-&*^e>ft**2 0W«WOi . iETLife 
Ai4tUTBft*it (4) ©tf«ft-S-*W»e>fc$JB 
3©W$«I03 , I TO§^b^5$2(0S&Mi 5fc 

[0 0 3 2] 
[ft 2] 



CH 3 



[0 0 3 3] 





m * [ft 3] 



[0 0 3 4] 
[ft 4] 

[0 0 3 5] Z<Dm*\t&T<D£ilZLXftm£tlft a 
<fc 19 I TOm&2 0 0 nmCOI¥$(CjPMLri„ #C^T\ 



40 




o 



C H 3 
I 

C-CH 3 
I 

CH 3 



hU 1 0" 8 torrlflSlfU S&?£S2 5<C 
-C5£ (4) <D#«ft-&*«:0. 0 1 nm/s e c CQigfi£ 
T5 OnmOffSlCsRK-*-*. fcfcit (3) <Z>W$Sft£ 
«Sr3 0 nmOff^tritBI-f-S. $e>lC5£ (2) ©*Tfi! 

<fc •? A 1 lg£ 1 0 OnmWff^lCffMf 

So 

[0 0 3 6] TOF&lCiO^yr (®**i«fc 

1 o" cm' /V • s e c, S&2CDW 

«imo 2 <Dm?&mm*m 1 o" 6 cm 2 /v • s e c , 



50 3& 2 ©fiSIO, OIETL^KSli^ 1 0 " 



c m 



/V 



(6) 



WmW-6-3 6 8 7 7 



• s e c, m3<Dfi®mO, (DJEH&mmiZfo l 0 H c 
m 2 /V -sec Xfoitz, 

[0 0 3 7] jfcHi^jicjo^Tte, fl-?ttA*5j: 
Em , E* , JSioWWROi Cov^t^y K=¥+ 

*?—m£En , En , ^2C0^f^O 2 ICO^T^K 

[ 0 0 3 8 ] 0 1 0 ^**JfiWO*^©«^*t* 
1\ E«, -Ea ^ 0. 6 e V x Ec. -Ec2 ^0. 6 e V 

^5. I^fillix Eva -Eb ^0. 6eV, Evj -Ev 5 g 
0. 6 e VffcO, ^2?)®jiM 2 ^b^3<75*^0 

1-1 0 V0r>m£.*fMKl-tZ>b. 10 0mA/ cm 2 <D« 

aft^tffWU 5 0 0 n mOWJtfetD^^^i 2 0 0 0 c 

d/cm* <DnmX'%hMz 0 * 
R 



10 




* mmmz) 

[ 0 0 3 9 1 MM&l 2 <T>% 1 <£>^T«SKOi km3<D&m 

mo, i (iift$#fcirtE L*f tfl«Lfc. jyfc 

ifttcii. ^lrotMO, *i«ttf!(5 3«)#*Hto. writ 
WSfc % S«?SS4r5 0 < C^±#$-BrTK^fi^ftSr 
0. 0 0 2nm/secl^>Jf 1 ^o<5Wf$ 

[0040] ^ftc^i^^ft-ciaiisnfcwiwK© 

*iry7£ft#5:TOFfefcJ:9aij£Lfca:i5. |g 1 

©tiio, <Dn.*&mmf*mi o° cm 2 /v - se 

C I3OM0. (DlEK^mtmi 0" cm 2 / 
v • s e cfijot rwiftii, ftf&KEE&lgjtffl 
2 1 / 2 r t ^T'# fc„ 

(£J£0J4) 

[0041] 012 te#ntt«©*r*E 

. 1. *^ttA« 2 £ LTWIBfk^ (2) ©ffflMfc-g- 

**»e)*5*i©^r«ifflto. , teas** (5) 
fc£*a»bfcs*r*gio.. 3. fcTBft** (6) 

«^-&«J*»5>45W*»On 3, £^S{C«g$^/i: 
$83feB3, E?LaAl4 £ LXMUit^ (4) Wfi 

[0 0 4 2] 
1^5] 



[0 0 4 3] 



R 



R 




R R 

[0044] co^ii, «3ts 3 summmm 3 £ isj 

«.-bTf£»i3;iafc. %.%mz&UT<D£. olCLXftM 40 
£ttfc 0 0. Olnm/se cORSfiiitl?, WiflUR 
0 2 , 3-l5r3nm©f$|;ML« &fc#ttUJIO» 3 
-2$r3 nmCDif^fCffM-rSo ^ tlb<DTM$: 5 0$ 
t>i£U $P>|c^tMjSOa 3- 1 £3 nmCDJ¥£(cffM 

*PfS. fc*5, »f 3£t#J&1"5 2«caWfl|fll0 2l 3 
-1, 0 22 3-2|cB8L-C<±^-ftL'b, «^*i,fct«E?L 
<D&W)!&tfk biC 1 0" 2 cm 2 /V • sec 
5. 

[0 0 4 5] 013 {C*mSMO*^roft^ffiSr^ 50 



* * [ft6] 



R r 



1"o !§7tl*«l^i-5 2awW1lM0 2 , . 0 22 JCSL 
■C. &*<7V<> y7&E*, ,E^ tU #* 

«, , E a , , e.^ , Ec* £-rs 0 

-Cf±> E^ =2. leV, E« =2. 5eV> E 
» 2 , =5. 8 e V, Ea, =3. 7 e V, Era =6. 
OeV, E ffl =3. 5 e VifcoTVS. 1-fc*>*>, 

&mm, jEn&ftomt 1 o"* c m 2 /v • s e c x- 



(7) 



11 

«E«rSMJD-f5i:, 5 OmA/ cm* <0««E*SiilHl, & 
fi5 5 0 n mW^feCO^Jt/JS 3 000 cd/cm' <DM 

[0 0 4 6] hfc«Ofcit)|C, ttftROi. WC±t)i3fc 
ffitltzi\ &>/tm&& 200cd/cm 2 t *«fcffiT 



4#M¥6-3 6 8 7 7 



12 



185] *»f!lC«*te<O#«EL**<0tt£ttffifc* 
[0 6] ISIR^Of^fflSr^i-a:^^— /<^KH. 

[0 7] *38Wfc«5*e>ic«i«>^r*EL*^**rii-r 
[08] mM^<ovpm^-r^%m<D^^~-/<> v 

0o 

[0 9] *«"H<0*ifi«2lCfttt5W«EL**©ttl& 



[0 0 4 7] 

[0©wj»^/«c|jiK] 

[0 1 ] **Wliffi5*-«E LK5^(D«l»&»^0 o 
[0 2 ] P^^<7)^^^^-t-3i^/u^-/<> K0 O 
[0 3] |B3^wf£ffl£^t-^*^-/<>-K0„ * 



[01 ] 
r ZZ2ZZZZZZh-\ 



[02] 



[010] ^m^-w^-a'^fii^^-rrt^/u^-/^ k 

0o 

[011] m&*<DiEKl£7f;1-3L%.,u¥-;<> K0 O 
[012] #*W<&H*«3l;:*Jtt5#*EL**cD« 
B&«^0 O 

[013] H*^«|«r*ti*A'^/<yK 
0„ 

[014] l^|g^f^ffl=S:^i-rc^/i,^-/<> K0 O 
[0 3] 
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